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ABSTRACT
Static and dynamic stretching exercises are often used in sports before com-
petition and training sessions. Recent studies have shown different effects 
of dynamic and static stretching exercises on physical performance capacity. 
The aim of the present study was to evaluate the acute effect of warm-up, 30 
s static and dynamic stretching exercises on biceps brachii muscle function. 
Nine athletes were examined twice in different days: after performing static 
and dynamic stretching exercise. Isometric maximal voluntary contraction 
characteristics were measured using dynamometry; muscle tone, elasticity 
and stiffness characteristics of biceps brachii muscle were measured using 
  myotonometer Myoton-3. All measurements were performed before and 
after the warm-up (5-min jogging with self-selected speed), immediately after 
stretching exercise and after 10 min rest. Warm-up did not cause any changes in 
the isometric maximal voluntary contraction, strength of elbow flexor muscle 
as well as in muscle tone and elasticity. Static stretching was effective to increase 
elasticity of biceps brachii muscle, but did not influence the isometric strength 
characteristics of elbow flexor muscles. Shortening of isometric contraction 
latency of elbow flexor muscles after dynamic stretching exercise and increase 
of strength after 10 min rest were noted. Therefore this type of stretching can 
be recommended to prepare muscles for explosive maximal exercise.
Keywords: static stretching exercises, dynamic stretching exercises, isometric 
strength, muscle stiffness, muscle tone
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INTRODUCTION
Warm-up is an essential part of sports activities helping to prepare the  organism 
for the following exertions. Athletes use many different types of stretching 
that are usually based only on their personal preference, but no optimal type 
or amount of stretching exercises has been identified [6]. The intended pur-
poses of stretching before an athletic event are to insure that the individual has 
sufficient flexibility of joints to perform the athletic activity optimally and to 
decrease muscle stiffness or increase muscle compliance, thereby theoretically 
decreasing injury risk [9]. In addition to aerobic warm-up, different kinds of 
stretching exercises are widely used, including ballistic, proprioceptive neu-
romuscular facilitation, static and dynamic stretching [6, 9]. To find out the 
optimal warm-up program and to select exercises which improve the contrac-
tion speed and power of muscle-tendon unit, and help to prevent   injuries 
simultaneously are actual in sports practise. The studies of recent 10 years 
have not found which kind of stretching is more effective for warm-up – the 
static or dynamic stretching exercises. Static stretching exercises increase the 
joint range of motion almost two-fold as compared to dynamic stretching exer-
cises but they have no positive effect on the muscle contraction characteristics 
and explosive muscle strength [1, 4, 10]. It has been also demonstrated that 
warm-up which includes dynamic stretching exercises is effective to prepare 
the muscle for performance during high-speed movements [5]. In many sports 
events, it is important to achieve the optimal condition of muscles in very short 
time, especially among the exchange players in ball games or in throwing events 
between the trials. In most previous studies, the function of lower limb muscles 
has been determined, but in several sports events the maximal exertion of upper 
limbs is very important. The aim of this study was to analyse the acute effect of 
warm-up and compare the influence of static and dynamic stretching exercises 
on the biceps brachii (BBr) muscle function in female basketball players.
MATERIALS AND METHODS
Participants
Nine healthy adult female basketball players (mean age±SE: 22.0±0.8 years, 
body height 1.71±0.03 m, body weight 67.9±2.34 kg) participated voluntarily 
in this study. Subjects had been trained for 13.6±0.9 years with a mean load 
11.0±1.53 hrs per week and competed at national level. Before the beginning 
of the testing session, all subjects completed an informed consent form. The 
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Design of experiment
The subjects were evaluated twice after day of rest from training. The period 
between two examinations was 1–5 weeks. Each examination included two 
stages. The first stage was similar in both examinations: the subjects per-
formed a warm-up (5 min jogging with individually chosen speed) after first 
  measurements. Next 2–3 min after warm-up measurements was performed. 
The second stage consisted of pain-free stretching exercise for the biceps brachii 
muscle-tendon unit: in first examination 30 s of passive stretching, and in the 
other examination accordingly 32 s of active dynamic stretching (8 times 4-s 
stretching exercises). Measurements were performed immediately after the 
stretching and fourth measurements after 10-min rest (Figure 1).
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Figure 1. Design of the experiment. After first measurements the subjects jogged for 
5-min and 2nd measurements were carried out. After 2nd measurements the subjects 
performed stretching exercise, followed by 3rd measurements. Then the subjects 
rested for 10 min, and finally, 4th measurements were performed.
Isometric strength measurement
The isometric maximal voluntary contraction (MVC) force of biceps brachii 
was investigated using a custom made chair and standard dynamometer. The 
subjects were required to perform a maximal contraction of elbow flexor mus-
cle beginning from the switch of signal lamp on and to held the maximal exer-
tion as hard as possible during 2 s and to relax quickly when the signal disap-
peared. The   following characteristics of isometric strength were recorded: 
isometric maximal voluntary contraction force (Fmax, N), rate of peak force 
development (RFD) 0.2 s after the beginning of contraction, RFD at the level 
of 50% of MVC and the latency of contraction (LATc).
Muscle tone measurement
The stiffness (N/m) of biceps brachii muscle at rest was registered using myo-
tonometer Myoton 3 (Müomeetria OÜ, Estonia) in sitting position of the sub-
ject in abovementioned chair. In present study the stiffness of the muscle is 
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compare the relative changes, the results of first measurement on both examina-
tion days were accepted as 100% (baseline level).
Statistical analysis
Data are presented as means and standard errors of means. The Student paired 
t-test was used for comparison of groups. A level of p<0.05 was selected to 
indicate statistical significance. The data of first measurement on the both 
examinations were used as baseline level.
RESULTS
Changes of muscle stiffness
The changes in muscle stiffness are demonstrated in Figure 2. No significant 
difference in biceps brachii muscle stiffness was noted after warm-up on either 
examination day as compared to baseline level. Biceps brachii muscle stiffness 
decreased significantly (p<0.001) after static stretching exercise as compared 
to baseline level and increased after 10-min rest (p<0.001). Biceps brachii stiff-
ness decreased also after dynamic stretching exercise but these changes did not 
differ significantly (p>0.05).
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Figure 2. The changes in muscle relative stiffness after static and dynamic   stretching. 
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Changes in strength characteristics
No significant changes in isometric maximal voluntary contraction force 
(MVC) were registered on either day of examinations (Figure 3A). No 
 significant changes were found in majority of parameters of contraction force in 
both examinations. The significant increase of RFD 0.2 after BOTH stretching 
exercise (p<0.05) was found (Figure 3B). RFD50% did not differ significantly on 
either examination day. After warm-up and static stretching exercise LATc did 
not decrease significantly. Dynamic stretching exercise caused the significant 
shortening of LATc as compared to baseline level (p<0.05) and to warm-up 
(p<0.01). After the 10-min rest LATc prolonged significantly as compared to 
after stretching (p<0.01) (Figure 4).
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Figure 3. A: The changes in isometric maximal voluntary contraction force 
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Figure 4. The changes in latency of contraction after static and dynamic   stretching   
(LATc) (mean±SE). *p<0.05, **p<0.001.
DISCUSSION
In the present study, a comparison of the acute effect of different type of 
stretching exercises on the function of biceps brachii muscle in female bas-
ketball players was performed. The main finding of our study was that the 
muscle tone characteristics, expressed as muscle stiffness, decreased signifi-
cantly after static stretching exercise but not after dynamic stretching exercise. 
Neither static nor dynamic stretching exercise had significant influence on 
isometric maximal voluntary contraction force generation. Latency of MVC 
shortened significantly after dynamic exercise as compared to baseline level. 
Several authors confirm that warm-up helps to achieve the quicker spread of 
the nerve impulse [5]. Pearce et al. [7] demonstrate that the improvement of 
neuromuscular electrical conduction has been caused by the better electrical 
conduction of contractile apparatus and muscle fibers. The electrical conduc-
tion increases during  warm-up in both active and passive skeletal muscles [7]. 
Our results are not in full accordance with abovementioned findings, because 
we did not find   significant changes of LATc immediately after stretching on 
both examination days.
The stiffness of biceps brachii muscle decreased after 30 s of static stretching 
but after 10-min rest did not differ from the baseline level. This finding can 
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stiffness leads to the decrease of force, because the optimal distance between 
actin and myosin filaments is disturbed causing changes in force produc-
tion [3]. We did not find the decrease in force production accompanied by 
a decrease of stiffness in our experiment. In contrary to our results, previous 
study did not demonstrate changes in muscle stiffness after static stretching 
exercise [2]. The duration of stretching exercise can be the reason of differ-
ent results among these studies. In many experiments, the repeated series of 
static stretching have been used and therefore the duration of static exercise 
lengthens. The results of  Yamaguchi and Ishii [12] are in accordance with 
ours: 30 s static stretching had no significant effect on the force parameters in 
their study [12].
It is well known that dynamic stretching increases the intramuscular 
tem  perature [8]. We did not measure the intramuscular temperature in our 
experiment but it can be assumed that increased temperature could cause 
the shortening of LATc [8]. LATc decreased significantly after dynamic 
  stretching exercise – its values were 31% lower than baseline level and 27% 
lower than after warm-up. After 10 min rest LATc was recovered to the control 
level (p<0.01). Many sports events require movements including dynamic 
 stretching and therefore it can be supposed that using of dynamic stretching in 
training could increase the effectiveness of movements [5]. As the co-effect of 
warm-up  program and rest, RFD0.2 increased after BOTH stretching exercise. 
This can be explained with the cumulative effect of all manipulations.
We can conclude that 5 min warm-up and following static stretching exer-
cise of biceps brachii muscle decrease the muscle stiffness for 10 min more as 
 compared to dynamic stretching exercise. At the same time, the force  generation 
capacity of elbow flexor muscles and the latence time of contraction generation 
capacity did not change significantly. The latence time of muscle contraction 
decreased as a result of warm-up and following dynamic stretching. Explosive 
strength of elbow flexor muscles increased significantly after warm-up and 
dynamic stretching as well as after 10 min rest which demonstrates the positive 
co-effect of these activities on the contractile capacity of skeletal muscle. The 
dynamic stretching exercises can be recommended to prepare the muscles for 
maximal exertions.
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